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Scanning Electron Microscopy on the Structure of Abnormal Hen’s Eggshell
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(Figs. 1-28)
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Fig.

. Vertical view of anormal eggshell.
It is composed of the inner mammillary layer and the outer spongy layer, which constitutes the
greater part of the shell thickness. x120.

Fig. 2. The inner surface of the normal egg shell.
The mammillary layer is made of numerous conical mammillary knobs arranged regularly. x50.

Fig. 3. Higher magnification of Fig. 2.

The mammillary knobs are dome-like and are separated from each other by interinammillary clefts.
Individual knobs have a mammillary core on their tip, in which many streak-like depressions are
engraved by the fibers of the shell memberane. x200.

Fig. 4. The outer surface of a normal egg shell.
The shell surface appears relatively smooth except for the slight depressions where the air pores
open. x150.
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Fig. 5. A ridged shell used in this observation.
Narrow and longitudinal corrugations are observed on both ends of the egg.

Fig. 6. Higher magnification of the ridged area at the blunt end of the egg in Fig. 5.
The protruded portion of corrugations is normal in structure and in shell texture. But the concaved
area is very irregular, and exposes the outer surface of the mammillary layer. x200.

Fig. 7. The inner surface just beneath the corrugated portion of Fig. 6.
The mammillary layer corresponding to the protruded area is deformed only slightly, but the one of
the concaved area is deformed remarkably in its structure. x50.

Fig. 8. Higher magnification of the central region of Fig. 7.
No mammillary knobs are found. The surface of the mammillary layer appears plane, and is direct-
ly engraved by the fibers of the shell membrane. x750.
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Fig. 9. A pimple-like shell used in this observation.
Many pebbly prominences varying in size and shape are distributed on the entire shell surface.

Fig. 10. Vertical view through the prominences of Fig. 9.
The shell surface is convexed externally, but its inside is concaved. Note the rough and porous shell
texture. x120.

Fig. 11. Inner surface of the eggshell of Fig. 9.
Note the various sizes of craters in the mammillary layer, where foreign organic masses are included.
x50.

Fig. 12. The larger craters than those of Fig. 11.
Note the disappearance of the mammillary knobs in the craters. x50.
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Fig. 13. Higher magnification of the small-sized crater in Fig. 11.
The mammillary cores have an irregular form and appear very porous, due to the incomplete
calcification of the knobs. x200.

Fig. 14. Higher magnification of a large-sized crater in Fig. 12.
The mammillary cores are almost left from the knobs due to its high porosity. x200.
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Fig. 15. An egg with pebbly prominences differing from the
one of Fig. 9.
Prominences are observed at the blunt end of the
egg. They appear larger in size and more porous in
shell texture than that of Fig. 9.

Fig. 16. The outer surface of a prominence in Fig. 15.
The shell shows large splits on its surface, due to
the incomplete sealing by additional calcification.
The shell texture is highly porous. x200.

Fig. 17. Vertical view of a prominence in Fig. 15.
Note the large holes in the spongy layer, where
foreign organic masses are included. x150.
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Fig. 18. Candling appearance of mottled shell used in this Fig. 19. Outer surface of the eggshell of Fig. 18.

observation. Note the high porosity of the shell surface,
The mottling of the shell has a moderate grade. especially in the region around the air pores. x200.
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Fig. 20. Vertical view of the mottled shell in Fig. 18.
The formation of the mammillary layer is normal,
but the superficial and middle region of the spongy
layer is porous in its shell texture. x120.
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Candling appearance of a checked shell used
in this observation.

Slight traces of net-like checks are visible at
the equatorial region of the egg.

Fig. 22. The inner surface of the egg in Fig. 21.
Note fine cracks running among the
mammillary knobs. x50.

Fig. 23. Higher magnification of Fig. 22.
The cracks are not sealed by the addition of
calcific material, and they streched to the
spongy layer, about one-fourth levels from
the bottom of the shell thickness. x200.
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Fig. 24. Vertical view of a thin-shelled egg.

The thickness of the shell is about 0.2 mm, and it appears seemingly normal except for the thiness
of the shell, x120.

Fig. 25. The outer surface of the shell in Fig. 24.

The shell surface is porous, and large air pores are visible. This egg is considered to have been ex-
pelled prematurely during its shell formation. x200.

Fig. 26. Vertical view of another type of thin-shelled egg different from that of Fig. 24.
This egg shell is about 0.15 mm thick. It appears almost normal because it has a dense and compact
spongy layer. But the mammillary layer appears low in height. x120.

Fig. 27. Inner surface of the egg in Fig. 26.
The mammillary layer is considerably low and the mammillary cores tend to fuse each other. This

egg is considered not to have reached its full thickess due to the defective formation of the mammil-
lary layer. x30.
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Fig. 28. Outer surface of a soft-shelled egg.
The egg shell is formed only by the developing
mammillary knobs, so that it was expelled
prematurely during the formation of the
mammillary layer. x300.
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Summary

The fine structure of various abnormal eggshells of hens were examined under scanning
electron microscope. The findings are as follows.

1. Corrugated shells had remarkable and specific abnormalities in their structure. The
protruded area of wrinkles was normal as for its structure and shell texture, whereas the
concaved area between the wrinkles was particularly thin due to the deficiency of the
spongy layer. The mammillary layer just beneath the protruding wrinkles was almost
normal in structure, whereas the one of the concaved area showed no complete formation.

2. Rough and pebbly-textured shells were classified into two types. One had prominen-
ces which were made by the deposition of foreign organic masses on the shell membrane
in the early stage of the formation of the mammillary knobs. In this case, various sizes
of craters, in which the formation of the mammillary knobs had been extensively disturb-
ed, were formed in the mammillary layer. Other prominences were made by the de-
position of simlar objects on the fairly developed spongy layer. In this case, no abnormali-
ties of the mammillary layer were detected.

3. Mottled shells had a highly rough and very porous shell texture, particularly in the
superficial layer of the shell and the spongy layer around the air pores. The remainder of
the shell was normal.

4. Checked shells had internally streak-like clefts in the mammillary layer, these extend-
ed into the deep layer of the mammillary layer. These cracks had not been sealed by the
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addition of calcified material, so that they must have been formed in the early stage of the
shell formation.

5. Thin-shelled eggs were divided into two types. One was the thin shell with large air
pores during its formation and with a porous shell texture. They were expelled before the
full formation of the spongy layer. Another type was the thin shell which did not deve-
lope to normal thickness due to its incomplete mammillary layer.

6. Soft-shelled eggs had only the developing mammillary knobs on the surface of the
shell membrane. They were expelled prematurely in the course of the formation of the
mammillary layer.

7. From the above results, it is considered that the abnormalitiy of eggshells is caused
mostly by the incomplicity of the mammillary knobs, and that the formation of the
mammillary knobs is influenced by the degree of normality of the shell membrane

formation.



